ABSTRACT: A field experiment was conducted at Dryland Agriculture Project, Bangalore during kharif seasons of 2006 and 2007 to evaluate the influence of fertilizer levels on corn (Zea mays L.) yield, quality, nutrient uptake and economic returns. The treatments consist of corn genotypes NAH-2049 and NAC 6004. Fertilizer level treatment consists of N (0, 100, 150 and 200 kg/ha), P 2 O 5 (0, 50, 75 and 100 kg/ha) and K 2 O (0, 25, 50 and 75 kg/ha) along with or without elemental Sulphur (0 and 10 kg/ha) and ZnSO 4 (0 and 12.5 kg/ha) compared to site specific nutrient management (SSNM target 8 t/ha), soil test crop response (STCR target 8 t/ ha) and state recommended dose of fertilizers (RDF).The results of the study indicated that hybrid NAH-2049 (5129 kg/ha) was out yielded over NAC-6004 (4811 kg/ha) in both the years. However, nutritional qualities were non-significant except grain oil content between genotypes. Targeted yield based fertilizer application either by SSNM or STCR approach recorded significantly higher grain yield, oil and crude protein yield, starch and phenol content over state recommendation. Significant improvement in N, P, K, S and Zn uptake was recorded under SSNM and STCR approaches. SSNM approach fared well and gave higher net returns (` 28.94 x 10 3 / ha) and B: C ratio (2.06). Application of fertilizer based on target can enhance the yield, nutrient uptake and economic returns from the production of corn in Alfisols of Karnataka.
Precision nutrient management system offers improved land stewardship, optimizes resource usage, since every part of a field receives precise amount of fertilizer required to maximize crop yields (Patil, 2009) . Among several fertilizer recommendation techniques, targeted yield approaches can be employed based on available farm resources. The yield target reflects the total amount of nutrients that must be taken up by the crop to produce a unit quantity of economic produce. The SSNM is a site based approach for managing the nutrient needs of crop in intensive production systems. This approach was developed to increase mineral fertilizer use efficiency and achieve balanced plant nutrition (Witt and Dobermann, 2002) .
The Alfisols of southern Karnataka are very poor in water holding capacity, native fertility status and prone to nutrient losses. Appropriate efficient location-specific nutrient management strategies are needed to develop to sustain corn production. The potential of corn production can only be exploited with adequate and balanced fertilizers. Present state fertilizer recommendation for corn is a general application and fails to consider native soil fertility and optimized fertilizer prescription based on available resources. Nutrient recommendations for corn production should be based on soil test and a realistic crop yield goal. The present study was undertaken with a hypothesis of targeted yield approaches that can optimize fertilizers and improve yield, quality and economic returns. For such precision management of nutrient application as per the variations within the field, soil testing provides the strategy for nutrient management. The objectives of the experiment is to compare nutrient management practices to enhance yield, nutrient uptake by crop parts, grain quality and economic returns in maize production in Alfisols of Karnataka.
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0 58' N, 930 m amsl), Bangalore, Karnataka. According to Koppen's classification, the experiment location falls under a tropical savanna climate. During the period of the experiment, the mean annual maximum and minimum air temperatures were 27.8 and 19.3 0 C, respectively, the mean annual temperature was 23.6 0 C. The annual rainfall of the station is 927 mm distributed in 62 rainy days. The total recorded rainfall in 2007 and 2008 was 704.2 and 889 mm constituting 24 and 5% lower than normal rainfall distributed in 41 and 59 rainy days, respectively. Seasonal rainfall during the experimental period is depicted in Figure 1 . The experimental soil is sandy loam texture and soil reaction 6. To work out SSNM based fertilizer recommendation, the data on quantity of NPK uptake/tonne considered was 26.3, 13.9 and 35.8 kg, respectively based on several years of field studies. Further, the quantity of fertilizers required for a target yield of 8 t/ha was worked out. If soil has lower, médium and higher in native nutrient supply status, need to apply 30% higher, same and 30% lower than the estimated required quantity, respectively. Lower application rates in high fertile soil introduced to ensure that removal from the field by crop products was replenished. The recommended nitrogen was applied in two splits (basal and 45 days after planting) and remaining PKS and Zn were applied at basal. Elemental Sulphur @ 10 kg/ha and zinc sulphate @ 12.5 kg/ha were applied to all the treatments except wherever it mentioned as S 0 and Zn 0 . Agronomic data on cobs/plant, seeds/cob, 1000 seed weight and seed yield/plant collected at final harvest of the crop. Oven dried samples were ground in a Willey mill to pass through 2mm sieve. Duplícate sub samples and grain were analysed for N, P, K, S and Zn concentrations using standard procedures. Nutrient uptake per hectare was calculated by multiplying respective nutrient concentration in grain and stover and, respective yield/ha. The crude protein % was computed by multiplying grain N % with a factor 6.25 assuming that the plant protein contains on an average 16% N. The kernel oil content in % was estimated by nuclear magnetic resonance (NMR) spectrometer and oil yield/ha was worked out on the basis of seed oil content and grain yield/ha. Starch (Hedge Economic returns of the trial was worked out based on the prevailing market prices of inputs and outputs. The details of input cost and output market prices are provided (Table 1) . Net returns (`/ha) was calculated by deducting cost of cultivation from gross retuns in both the years. B:C ratio was worked out by cost of cultivation and net returns. The experimental data were analysed statistically by following Fischer's method of analysis of variance wherever 'F' test was significant at P=0.05. The results have been compared among treatments based on critical difference at same level of significance.
Results and Discussion
Grain and straw yield Significantly higher grain (39.8%) and straw yield (48.4%) were obtained with the application of fertilizer based on SSNM for 8 t/ ha target yield (6,491 kg/ha) over RDF (3,810 kg/ha). The stover yield was also responded lesser extent than did in grain yield. State fertilizer recommended dose for maize in Bangalore region was 100-50-25 kg N-P-K/ha. Significant contributions towards grain and stover yields were observed with the application of sulphur and zinc in addition to NPK fertilizers as compared to respective zero application. The target for SSNM was fixed at higher side for rainfed condition. The prime reason for lower yield than targeted was unfavorable rainfall distribution during cropping period (18 rainy days) and soil moisture stress in 2006 as compared with 2007 (39 rainy days) (Figure 1 ). Targeted yield was not achieved in both the years; the sustainable yield for a target can be achieved over years. There was no much difference in grain to total biomass yield (HI) of corn between genotypes ( Table 2 ).
The SSNM practice under rainfed was found to be effective if sufficient soil moisture prevails throughout crop growth. The SSNM strategies may differ depending on climatic season, crop duration and water management or rainfall distribution. Biradhar et al. (2006) reported that SSNM practice for rice and wheat in Karnataka resulted additional 35 and 39% higher yield over RDF and farmers' practice, respectively. Yadhav and Hira Nand (2004) have shown that application of 125, 60 and 20 kg N, P 2 O 5 and K 2 O/ha, along with sulphur and micronutrients gave 26 and 17% higher grain yield over state recommendation (1.49 t/ha) and common farmers' practice (1.66 t/ha), respectively. Among fertilizer application levels, harvest index was decreased and found non-significant either without application of nitrogen or N 100 P 50 K 25 fertilizer levels.
Nutrient uptake by plant parts
Improvement in NPK uptake by corn plant parts was observed by SSNM based fertilizer application. It was 49, 57 and 40% higher over their respective without application of NPK levels ( Table 3 ). The positive linear association with NPK uptake was observed by without application of fertilizer to 200, 75 and 50 kg/ha, respectively. Enhanced nutrient uptake might be due to higher rate of fertilizer application, enhanced soil fertility, nutrient accumulation in plant parts and ultimately due to higher biomass production. Khurana et al., (2004) tested SSNM approach in selected farmers' field and results indicated that improvement in N, P and K accumulation (12-20%) in plant parts over farmers' practice. Site specific management zones exhibited less spatial variability in N uptake and grain yield of corn within individual zones than on a whole field basis Inman et al., (2005) .
Significant influence of sulphur application on grain yield and uptake (4 to 41%) was observed with combined application of NPKS and Zn (Table 4) . Sulphur is known to be involved in production of protein, promotes activity and development of enzymes and helps in chlorophyll formation in crop plants. The increase in uptake of N at increased levels of sulphur and N:S and P:S ratios were more important in balanced fertilization. Higher levels of NPK application enhanced the S uptake when compared to lower levels of NPK (Dhananjaya and Basavaraj, 2002) .
Application of 12.5 kg zinc sulphate has significant influence on corn grain yield and uptake of zinc (Table 3 ). The extent of increase in zinc uptake by plant parts was 11.1 to 54.9% as against to the without application of zinc. It is considered as vital micronutrient for corn involved in transformation and regulation of carbohydrates. Combined application of S and Zn along with NPK fertilizer enhances yield, nutrient uptake and protein content of corn than applied alone (Dwivedi et al., 2002) .
Corn grain oil content and protein yield
There was no significant difference among fertilizer application levels with respect to grain oil content (Table 4) . However, oil yield per hectare was differed significantly due to differences in corn grain yield. There was a significant difference between genotypes in both the years and higher oil content was observed in 'NAC-6004' over 'NAH-2049'. The oil content in corn is subjected to genetic make up as well as agronomic practices on fatty acid composition. The high yielding varieties and hybrids of corn have poor grain oil content. Besides total oil content, some studies have also shown that the fatty acid content also be subjected to genetic control, as noticed by changes in linoleic acid content in corn oil. Grain quality of corn was further enhanced by higher and precise fertilization (Arun Kumar et al., 2007) .
The crude protein content of corn (12.3-14.9%) was differed significantly between genotypes and fertility levels (Table 4) . Significantly higher crude protein content was observed in 'NAH-2049' (13.4-14.3%) over 'NAC-6004' (12.3-13.4%). The grain crude protein content is a nitrogen dependent quality parameter directly related to N content of corn grain. Obviously, an improvement in crude protein content of corn was observed with the increased levels of N from 0 to 200 kg/ha. Crude protein yield was higher with application of 200 kg N fertilizer and target yield approaches of SSNM and STCR. Lower crude protein content and yield were recorded without application of N (N 0 ). Miao et al. (2007) had endorsed that the genetic constitution of hybrid corn with higher N nutrition might be responsible for more crude protein in hybrid corn.Studies showed significant increase in corn yield and protein content but, decreased corn oil and starch content by N fertilization. Miao et al. (2007) was observed that increase in protein content by application of nitrogen from 143 to 303 kg/ha and 0 to 235 kg/ha. Hybrid-specific N application could have either negative or positive impacts on corn yield and protein content. 
Starch and phenol content (%)
There was no significant difference in starch content between corn genotypes (Table 4 ). The starch content was increased from 1.02-1.29% with the application of N 200 P 100 K 75 . The starch content of corn grain has tendency to decrease at higher NPK levels. Reduced corn starch due to N manuring was opined by Srivastava and Mehrotra (1991).
There was no significant difference in phenol content between genotypes. It was significantly influenced by fertilizer application levels. The phenol content was increased with higher levels of fertilizers application (0.09 to 0.22%).The phenol production is a specific attribute closely linked to disease resistance in crop plants. Srivastava and Mehrotra (1991) opined that fertilizer application levels to corn had significant influence on phenol content of grain.
Economic analysis
Economic returns is an important factor to assess feasibility of the practice in crop production. The increased yield under SSNM based nutrient application resulted in improvement of economic returns of corn production. The net income obtained from corn production under SSNM was 28.94 x 10 3 `/ha was much higher over RDF excepting N 200 P 75 K 50 level ( Table 2 ).
The improvement in soil fertility over years might reduce the input costs and in such circumstances corn production under SSNM approach might become profitable and sustainable. Rice and wheat production was profitable under SSNM practice in Karnataka was reported by Biradhar et al. (2006) compared with RDF and farmers' practice. Yadhav and Hira Nand (2004) reported SSNM practice increased net returns of 35 and 109% in pigeonpea and pearlmillet over state recommendations. Khurana et al. (2004) compared profitability of SSNM over farmers' practice in selected farmers' field in Punjab and obtained 13% higher net returns besides >0.8 t/ha increase in wheat grain yield.
Conclusion
The results of the study showed that corn hybrid 'NAH 2049' fertilized with SSNM approach under well soil moisture status was proved to be advantageous to improve grain yield, quality and economic returns. It is a profitable practice to improve upon recommended dose of fertilizers to enhance corn productivity in Alfisols of Karnataka. 
